Optical coherence tomography (OCT) can provide highspeed and high-resolution images of the anatomical structures of the optic nerve head and macula. However, in neuro-ophthalmic conditions that present acutely, structural changes lag functional deficits, and the role of OCT in the acute setting has been challenged. This review aims to summarize the recent literature and evidence supporting the use of OCT in the acute management of some common neuro-ophthalmic scenarios, including the differential diagnosis of optic disc swelling, and in patients with suspected papilledema, optic neuritis, ischemic optic neuropathies, and Leber hereditary optic neuropathy. The limitations of OCT are also discussed.
O ptical coherence tomography (OCT) has become an indispensable tool in neuro-ophthalmology for diagnosis, disease monitoring, and prognosis prediction. 1 Despite its capability of providing reproducible and quantitative assessment of the optic disc and macula, its application in the acute management of neuro-ophthalmic conditions has always been in question due to inherent limitations. As structural changes lag behind functional ones, normal OCT findings do not rule out acute optic neuropathies. On the other hand, optic disc swelling is the clinical manifestation of a number of different neuro-ophthalmic conditions with optic nerve dysfunction and thickened peripapillary retinal nerve fiber layer (pRNFL); therefore, an abnormally thick pRNFL is nonspecific and does not help to pinpoint the cause of the optic neuropathy. So how can OCT be of use in the acute setting in the neuro-ophthalmic service? This review intends to address this question and demonstrate its potential usage in a range of clinical scenarios. retrobulbar optic neuritis. However, retinopathies such as acute zonal occult outer retinopathy (AZOOR) or acute idiopathic blind spot enlargement syndrome (AIBES) can present similarly, although AZOOR and AIBES are painless and patients may have photopsia. High-resolution OCT images of the macula/posterior pole can easily demonstrate the retinal changes associated with AZOOR or AIBES.
2 Electrodiagnostic tests may be required to confirm the diagnosis but the readily available OCT in the ophthalmology clinic would help to avoid unnecessary neuroimaging or high-dose corticosteroid treatment (Fig. 1 ).
TRUE VS PSEUDO OPTIC DISC SWELLING
Optic disc edema is one of the most common reasons for referral to the neuro-ophthalmic service and it is an important task for neuro-ophthalmologists to determine whether the disc swelling is genuine, and if so, the cause. Disc elevation, obscuration of disc margins, or peripapillary hemorrhage can result from either conditions with true disc edema such as nonarteritic ischemic optic neuropathy (NAION), optic neuritis, Incomplete posterior vitreous detachment or fibrocellular proliferating membrane can sometimes cause traction on the optic nerve head and occasionally disc leakage on fluorescein angiogram, thus mimicking true optic disc edema. 3, 4 Using OCT can help the ophthalmologist to arrive at the correct diagnosis, thus avoiding unnecessary workup or treatment (Fig. 2) . 5 
Optic Nerve Head Drusen
Optic nerve head drusen (ONHD) can be buried and subclinical; and they are more prevalent than previously believed. 6 Impairment of optic nerve function may suggest true disc swelling; however, optic nerve dysfunction may also occur in patients with ONHD. Firstly, ONHD can be associated with complications such as visual field defects 7, 8 or acute visual loss. 9 Secondly, ONHD can coexist with other pathology with true disc swelling. 10 A variety of imaging modalities have been employed to locate and confirm ONHD with different strengths and limitations. 11 Enhanced depth imaging and swept source OCT are noninvasive tools that allow in-vivo assessment and quantification of superficial or buried ONHD, along with assessment of the integrity of its neighboring retinal structures. 12, 13 Enhanced depth imaging OCT is superior to conventional OCT in detecting ONHD and was found to have a higher detection rate than ultrasound scan. 13 This is particularly useful for the pediatric group and can enhance the sensitivity of ONHD detection when used in conjunction with other noninvasive imaging modalities.
14 The recent technology of OCT angiography (OCT-A) is beginning to show its usefulness in delineating focal capillary dropout associated with ONHD. 15 Used in conjunction with OCT assessment of the macular retinal ganglion cell layer (mGCL) and pRNFL, this new information might provide objective evidence of the pathology of progressive visual field defects or visual loss associated with ONHD in some patients.
PAPILLEDEMA
Studies using spectral domain OCT (SD-OCT) have demonstrated the potential utility of peripapillary total retinal thickness measurements to aid the diagnosis of mild papilledema. 16, 17 Alternatively, the shape of the peripapillary retinal pigment epithelium (RPE) or Bruch membrane (BM) at the ONH can also reflect the translaminar cribrosa pressure difference in papilledema. Sibony and associates 18 showed that RPE/BM layer in papilledema was skewed nasally toward the vitreous creating an inverted U shape, whereas the RPE/BM layer in AION or normal controls exhibited a V shape pointing away from the vitreous. In the study by Kulkarni and associates, 19 5 masked clinicians were challenged to differentiate buried ONHD from mild papilledema using SD-OCT images; and the authors concluded that SD-OCT was not clinically reliable for that purpose. However, in this study, OCT evaluation was performed in the subjects with mild papilledema after lumbar puncture and initiation of acetazolamide treatment. Intracranial pressure reduction after lumbar puncture or treatment has been shown to reverse the inward bowing of RPE/BM layer at the neural canal opening in patients with papilledema. 18 Besides, the clinicians' judgements were made solely from OCT images without knowledge of the clinical assessment results and peripapillary total retinal thickness.
Serial pRNFL measurements can help differentiate true from pseudo disc swelling. In congenitally crowded disc, pRNFL should remain stable; whereas in true papilledema, pRN-FL might increase (due to increased severity) or decrease (due to resolution of papilledema or secondary optic atrophy).
In the presence of disc swelling, for example, in idiopathic intracranial hypertension, mGCL thinning is indicative of chronicity and preexisting damage. This information is also useful in other causes of chronic disc edema, such as optic nerve sheath meningioma. It gives prognostic information and helps guide management in the acute setting. Due to limitations of the segmentation algorithms of commercial OCT instruments, mGCL thickness is usually not expressed as an isolated measurement. Instead, mGCL is represented as part of the macular ganglion cell complex (mGCC), which incorporates the mGCL, inner plexiform layer (IPL), and overlying RNFL; or as part of macular ganglion cell and IPL (mGCIPL).
OPTIC NEURITIS
The diagnosis of optic neuritis can sometimes be challenging. In two thirds of the cases, they are retrobulbar in origin with normal disc appearance. The diagnosis is especially difficult in bilateral cases without relative afferent pupillary defect. Even if disc edema was present, it is typically mild without hemorrhage or exudate. 20 If performed in the acute setting, OCT can demonstrate mild pRNFL thickening or subtle optic disc swelling not otherwise detected clinically. 21 On the other hand, the presence of thinning of pRNFL or mGCIPL/mGCC of the affected/fellow eye upon presentation may represent previous clinical or subclinical optic neuritis in patients with multiple sclerosis (MS). 22, 23 Patients with MS may experience optic neuritis relapse with different degrees of visual impairment. Physicians can use OCT to help distinguish visual loss secondary to recurrent optic neuritis versus fingolimod-associated macular edema. 24 
ISCHEMIC OPTIC NEUROPATHY

OCT for NAION Diagnosis
In a recent study by Balducci and associates, 25 it was demonstrated in a small series that OCT-A could detect microvascular defects and vessel density reduction in acute cases of NAION and AAION, which can help its differentiation from other causes of acute disc swelling. Although the same may also be demonstrated by traditional fluorescein angiography, OCT-A has the advantage of being noninvasive; and the peripapillary microvascular defect could be better visualized due to the lack of masking from vascular leakage. Other studies have confirmed the ability of OCT-A to defect microvascular flow impairment in acute NAION. 26, 27 In addition to optic disc imaging, mGCIPL/mGCC measurement can help distinguish acute NAION from disc swelling caused by optic neuritis. In a retrospective study by Erlich-Malona and associates, 28 it was demonstrated that NAION patients had significantly greater hemispheric difference in mGCC thickness, compared with optic neuritis patients, at presentation and follow-up, reflecting the tendency for NAION patients to develop altitudinal visual field defects.
Examining the fellow eye of a NAION patient with OCT may also give valuable diagnostic clues. Fellow eyes typically have small crowded discs, which can usually be seen clinically and can be confirmed objectively and quantitatively on OCT. 29 As both eyes of the same patient share the same vasculopathic risk factors, bilateral NAION is common and the 5-year risk of second eye involvement had been shown to be about 15%. 30 In acute NAION, OCT of the fellow eye can help confirm previous subclinical episodes by demonstrating sectoral pRNFL thinning and thinning of mGCIPL/mGCC respecting the horizontal midline.
OCT Helps to Predict Visual Outcome in NAION
In a study by Akbari and associates, 31 it was demonstrated that ganglion cell loss preceded pRNFL thinning in NAION; thinning of the mGCIPL at 2 weeks significantly correlated with both acute and chronic visual acuity and visual field mean deviation. 32 This means that mGCIPL measurement in patients with NAION 2 weeks after symptom onset could give useful prognostic information for long-term visual outcome. Another aspect is the ability of OCT to detect subtle subretinal fluid in acute NAION (Fig. 3) . About 10% of NAION cases are associated with subfoveal fluid. 33, 34 Subfoveal fluid contributes to central visual loss. The subfoveal fluid usually spontaneously resolves when the disc edema subsides, giving better visual improvement from baseline; and visual recovery may be hastened by treatment. 34 
LEBER HEREDITARY OPTIC NEUROPATHY
Leber hereditary optic neuropathy (LHON) has always been a diagnostic challenge especially in the absence of afferent A B C pupillary defect, lack of disc swelling/telangiectatic vessels, or negative family history. It is not uncommon to have LHON patients being misdiagnosed or treated as optic neuritis or functional visual loss. Early and accurate diagnosis, on the other hand, helps us to avoid unnecessary treatment, whereas early commencement of medications such as idebenone may improve cellular energy supply and prevent further visual loss or delay involvement of the second eye in unilateral cases.
Unlike most other optic neuropathies, thinning of mGCIPL and macular RNFL can be observed at the acute presentation of LHON, as papillomacular fibers are affected before the onset of visual loss. 35 In symptomatic LHON patients, the mGCL and macular IPL are thinner than in asymptomatic carriers or normal controls, as the macular intraretinal changes start as a prodromal event before conversion. 36 Instead of a subacute process, recent literature has shown that the natural history of LHON is more likely a progressive process with subclinical changes before conversion and clinical presentation. 37 Peripapillary RNFL thickness increases as early as 4 to 6 months before conversion with the involvement sequence of temporal quadrants followed by inferior, superior, and nasal quadrants, respectively. 37, 38 In contrast, decreased visual acuity and mean deviation of Humphrey's visual field preceded conversion only by approximately 2 and 4 months, respectively. 37 Thus, upon sequential monitoring of pRNFL thickness in LHON mutation carriers, evolution to conversion can be detected before clinical deterioration, which can act as a therapeutic window for potential intervention.
DRAWBACKS AND LIMITATIONS
In most neuro-ophthalmic conditions, OCT pRNFL is inevitably raised in the presence of disc swelling and will not reveal the underlying etiology if interpreted alone. Likewise, pRNFL thinning confirms the presence of optic atrophy but cannot differentiate primary optic atrophy from optic atrophy secondary to retinal diseases. In high-grade papilledema, segmentation algorithms of pRNFL thickness often fail, thus prohibiting accurate measurement for future comparisons. 39 There may also be errors in the mGCIPL/mGCC segmentation and measurements, even in FIGURE 4. A, SD-OCT images (ONH, RNFL, and ganglion cell analysis, Cirrus, Carl Zeiss) of a patient with right eye NAION at 10 days, 1 month, and 3 months after symptom onset. B, Humphrey visual field 30-2 of the same eye at 1 month with inferior altitudinal defect, which should correspond to thinning of the superior GCIPL complex. At 10 days, there appeared to be general thinning of the GCIPL complex (superior and inferior). The thickness of the inferotemporal segments normalized at 1 and 3 months. Resolution of GCIPL thinning is not physiological and we believe the initial thinning was due to a segmentation error.
